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Abstract

Background—The Collaborative Stage (CS) Data Collection System enables multiple cancer 

registration programs to document anatomic and molecular pathology features that contribute to 

the Tumor (T), Node (N), Metastasis (M) (TNM) system of the American Joint Committee on 

Cancer (AJCC). This chapter highlights changes in CS for colon and rectal carcinomas as TNM 

moved from the AJCC 6th to the 7th edition.

Methods—Data from 18 Surveillance, Epidemiology, and End Results (SEER) population-based 

registries were analyzed for the years 2004-2010, which included 191 361colon and 73 341 rectal 

carcinomas.

Results—Overall, the incidence of colon and rectal cancer declined, with the greatest decrease in 

stage 0. The AJCC's 7th edition introduction of changes in the subcategorization of T4, N1, and 

N2 caused shifting within stage groups in 25 577 colon and 10 150 rectal cancers diagnosed in 

2010. Several site-specific factors (SSFs) introduced in the 7th edition had interesting findings: 1) 

approximately 10% of colon and rectal cancers had tumor deposits - about 30-40% occurred 

without lymph node metastases which resulted in 2.5% of colon and 3.3% of rectal cases 

becoming N1c (stage III A/B) in AJCC 7th edition ; 2) 10% of colon and 12% of rectal cases had 

circumferential radial margins <1 mm; 3) about 46% of colorectal cases did not have a CEA 
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testing or documented CEA information; and 4) about 10% of colorectal cases had perineural 

invasion.

Conclusion—Adoption of AJCC 7th edition by the SEER Program provides an assessment tool 

for staging and SSFs on clinical outcomes. This evidence can be used for education and improved 

treatment for colorectal carcinomas.
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INTRODUCTION

Colorectal cancer is the second leading cause of cancer death in the United States among 

both men and women. In 2013, an estimated 142 820 Americans were diagnosed with 

colorectal cancer, and 50 830 died of this disease.1 Between 1975 and 2010, the rate of new 

colorectal cancer diagnoses in Surveillance, Epidemiology, and End Results (SEER) 

registries decreased by 31% while colorectal death rates in the United States decreased by 

45%.2 This decline in incidence and mortality has been observed across most racial and 

ethnic groups, including whites, blacks, Asians and Pacific Islanders, and Hispanics and is 

attributed to a combination of factors, including healthier diets,3 increased screening,4 and 

better treatments.5 Adenomatous polyps, which are precancerous growths in the large 

intestine, are the precursor of most colorectal cancers. Periodic screening with colonoscopy 

is recommended for people of average risk at 50 years of age and older and at an earlier age 

for those with high risk, such as a family history of colon cancer. In addition, some 

professional societies recommend that African Americans begin screening at age 45.6

In recent decades, innovative technologies in medicine have transformed cancer patient care. 

Bench discoveries are being applied to bedside practice, and cancer patients are being 

treated with “personalized” medicine and targeted therapies. Information on staging and 

tumor characteristics that traditionally has been collected by cancer registries is no longer 

sufficient for the changing landscape of patient care. In response to the need for greater 

precision in identifying subgroups with various prognoses, the American Joint Commission 

on Cancer (AJCC), in collaboration with the International Union for Cancer Control (UICC) 

and based on evidence generated from population-based cohorts of patients, introduced the 

7th edition of the AJCC cancer staging manual7, effective with cases diagnosed in 2010. 

This edition includes additional data variables intended to support more detailed staging, 

allow for a more accurate prognosis, and help refine treatment options. Several cancer 

organizations, including the American College of Surgeons (ACoS), National Cancer 

Institute (NCI), and Centers for Disease Control and Prevention (CDC), adopted the AJCC 

7th edition and its recommended data items into the Collaborative Stage (CS) Data 

Collection System Version 2 (CSv2) and use them as guidelines in data collection for their 

respective cancer surveillance programs: the National Cancer Data Base, the SEER 

Program, and the National Program of Cancer Registries. These additional data items on 

staging, prognosis, treatment, and clinical significance are referred to as site-specific factors 

(SSFs) in the CS Data Collection System.
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Objectives

The objectives of this chapter are to: 1) examine the trends in CS-derived AJCC 6th edition8 

stage distributions for colon and rectal cancer in the combined areas of 18 SEER registries 

from 2004 to 2010; 2) describe the changes in colorectal cancer staging in the AJCC 7th 

edition and examine how these changes impact stage at diagnosis by comparing stage 

distributions of 2010 cases between the AJCC 6th and 7th editions; and 3) assess the 

completeness and quality of SSFs recorded in the CS Data Collection System for 2010 

colorectal cancer cases.

DATA DESCRIPTION

CS Schemas for Colon and Rectum and Case Exclusion Criteria

In the CS system, schemas for ‘Colon’ and ‘Rectum’ are defined slightly differently from 

the traditional SEER site codes. The CS schemas use both the topography and morphology 

of the International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3)9 and 

follow the AJCC Cancer Staging guidelines regarding the specific histologies eligible for 

staging within a given cancer site. The ICD-O-3 topographies for the colon are C18.0, and 

C18.2-C18.9, and for the rectum are C19.9 and C20.9. The eligible morphologies for staging 

within these topographies include: M8000-M8152, M8154-M8231, M8243-M8245, M8247, 

M8248, M8250-M8934, M8940-M9136, M9141-M9582, and M9700-M9701.

The schemas for colon and rectum in the AJCC 6th edition were subdivided into the 

following schemas in AJCC 7th edition (CSv2): Colon, Rectum, Appendix, as well as 

gastrointestinal stromal tumors (GIST) and neuroendocrine tumors (NET) for the large 

intestine. For this analysis, GIST and NET occurring in the colon or rectum were excluded, 

as were cancers of the appendix. Histological types, for which AJCC stage does not apply 

within the colon or rectum in either the AJCC 6th or 7th editions7,8 were also excluded. In 

addition, cases diagnosed at autopsy or by death certificate only (DCO) were excluded as 

these cases often contained very limited information and represented only 1% of colon 

cancer cases and about 0.4% of rectal cancer cases in 2010.

Analysis Cohorts

In examining CS-derived AJCC 6th edition trends in stage distribution (objective #1), all 

eligible colorectal carcinomas (in situ and invasive) diagnosed between 2004 and 2010 were 

selected (Table 1). For comparing changes in stage distribution between the 6th and 7th 

editions of AJCC (objective #2), we limited our analysis to colorectal carcinomas diagnosed 

in 2010. Finally, when assessing the completeness and quality of CS SSFs (objective #3), we 

further excluded in situ cases and analyzed only invasive colorectal cancer cases diagnosed 

in 2010. In addition, we limited our analyses to appropriate subsets of the cohort when 

evaluating the completeness and quality of SSFs in 2010; e.g., patients who did not undergo 

surgical resection were excluded when assessing tumor deposits, circumferential resection 

margin (CRM), and perineural invasion. A subset trend analysis was conducted for the one 

colorectal SSF (CEA) available from 2004 through 2010.
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Key Changes between AJCC 6th and 7th Edition Staging

A major change in the AJCC 7th edition was the subdivision of T4 tumors into T4a (tumor 

penetrates the surface of the visceral peritoneum) and T4b (tumor directly invades or is 

histologically adherent to other organs or structures). This decision was based in part on an 

analysis of existing SEER data from 2004-2009 collected using the CS system available 

during that time period. Despite the fact that these tumors were grouped together in the 

AJCC 6th edition as T4, the CS system provided the ability to distinguish the two groups 

using internal CS codes. Results of this analysis indicated that patients whose cancers 

penetrated the visceral peritoneum had a better relative survival rate than those whose 

cancers invaded an adjacent organ or structure, even if it was completely resected.10

A second change from the 6th edition was adoption of N1c tumor deposit(s) without positive 

regional lymph node metastasis, upgrading a stage I or II tumor in the AJCC 6th edition to a 

stage III tumor under the AJCC 7th edition. This change was made to recognize the potential 

importance of satellite tumor deposits, allow clinicians to treat patients with these deposits 

with adjuvant therapy, and foster prospective data collection on frequency and incidence of 

tumor deposits.

A third change was the subdivision of the N1 category into categories N1a and N1b (1 

versus 2-3 positive lymph nodes, respectively) and the N2 category into N2a and N2b (4-6 

positive nodes versus 7 or more positive nodes, respectively). These decisions were again 

based on an analysis of SEER data which demonstrated that each subgroup comprised 

approximately 50% of either the N1 or N2 group, with significant differences in relative 

survival.10

A fourth change was the division of the M classifier into M1a for a single site of metastasis 

and M1b for more than one site of metastasis. This was done to collect data prospectively on 

whether patients with metastases to one organ site fare better than patients with multiple 

organ involvement. In addition, the AJCC 7th edition eliminated the category of “MX” 

(unknown distant metastasis) and instructed abstractors to assume these cases are M0 (no 

distant metastasis). This change in coding rules resulted in cases of unknown stage in the 

AJCC 6th edition now mapping to a specific stage in the AJCC 7th edition.

The effect of these changes on the AJCC stage grouping is diagrammed in Table 2.

Site-Specific Factors (SSFs)

In 2004 when CS Version 1 (CSv1) was first implemented, only carcinoembryonic antigen 

(CEA) laboratory interpretation (SSF1) was collected for colon and rectal cancers. Clinical 

assessment of regional lymph nodes (SSF2) was added for cases diagnosed in 2007. With 

CSv2 implemented for cases diagnosed in 2010, all SEER registries were required to collect 

an additional 5 SSFs related to prognosis and treatment. These 7 SSFs are the same for colon 

and rectal cancers in the CSv2 schemas and are listed in Tables 3a and 3b, respectively. A 

detailed description of each of these SSFs is presented below.

CEA Interpretation (SSF1) and CEA Laboratory Value (SSF3)—CEA is a protein 

that is normally produced during prenatal development. After birth, CEA blood levels 
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typically are very low or undetectable. Elevated CEA levels are associated with many 

carcinomas and other health conditions. Although colorectal cancer is a common cause of 

elevated CEA levels, CEA levels also increase from conditions such as biliary obstruction 

and inflammatory digestive disorders, and increased levels can be detected in “healthy” 

heavy smokers.11 Elevated CEA levels also are associated with liver or lung metastases in 

colorectal cancer patients. Therefore, CEA is recommended for use in assessing patients 

prior to surgery12 and for monitoring recurrence after surgery, but CEA is not used as a 

screening test for colorectal cancer.13 Both CEA laboratory values and CEA interpretations 

are to be recorded from the same test prior to treatment and for the test with the highest 

value if multiple tests are performed.

The CEA laboratory value is a 3-digit field with an implied decimal place between the 

second and third digits. Values should be coded as nanograms per milliliter (ng/ml), with 

values of 98.0 or greater recorded as “980.” The normal reference range may vary between 

laboratories; but the generally accepted normal range for plasma CEA level is <2.5 ng/ml in 

nonsmokers and <5 ng/ml in smokers. Because patients with metastatic colorectal carcinoma 

often have CEA blood levels in excess of 100 ng/ml,14 data quality control is needed to 

assure that CEA is expressed in ng/ml.

Clinical Assessment of Regional Lymph Nodes (SSF2)—Although AJCC 7th 

edition staging has very detailed pathologic evaluation of regional lymph node status when 

surgical resection is performed, information on lymph node status is not available when 

there is no resection or insufficient tissue to meet the criteria for pathologic staging, e.g., 

fine-needle aspiration (CS Lymph Node Evaluation = 0,1,9). In addition, in the presence of 

neoadjuvant therapy prior to surgery there are specific rules to be followed regarding when 

to utilize pathologic information on nodal status (CS Lymph Node Evaluation =5). 

Therefore, SSF2 was introduced in CSv2 to determine clinical lymph node status as part of 

the work-up by collecting such information based on imaging and physical examination in 

similar categories as the pathologic assessment (eg, clinically N0, N1, or N2). This 

assessment is separate from the pathologic assessment of the number of regional nodes 

examined and positive.

Number of Tumor Deposits (SSF4)—The CSv2 manual15 defines tumor deposits as 

“separate nodules or deposits of malignant cells in the perirectal or pericolic fat without 

evidence of residual lymph node tissue.” Other terminologies used in previous editions of 

the AJCC Cancer Staging Manual include “malignant tumor foci,” “malignant peritumoral 

deposits,” and “satellite nodules.” These deposits, if present, are found in the primary 

lymphatic drainage area of the tumor in resected specimens. The source document for tumor 

deposits is the pathology report, and the assessment and recording of tumor deposits are 

required in the College of American Pathologists’ (CAP) Cancer Case Summary protocol 

for colorectal cancer. A patient is considered without tumor deposits when the pathology 

report so indicates or when the report from a surgical resection does not mention tumor 

deposits.

Because the presence of tumor deposits is considered an adverse prognostic factor for 

cancers of the colon and rectum, the new designation of N1c is used in AJCC system when 
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tumor deposits are found without lymph node involvement. The field “CS Lymph Nodes” 

captures information on cases with tumor deposits without regional nodal metastases (N1c), 

and SSF4 records the number of tumor deposits present.

Circumferential Resection Margin (CRM) (SSF6)—CRM, according to the CS 

manual,15 is the “measurement of the distance between the deepest invasion of the tumor 

and the closest soft tissue margin of the resected specimens.” Specifically, it is “the width of 

the surgical margin at the deepest part of the tumor in an area of the large intestine or rectum 

without serosa” (ie, the rectum and segments of the colon unencased or incompletely 

encased by the peritoneum). In segments of the colon completely encased by the 

peritoneum, the CRM also is referred to as the mesenteric resection margin. For rectal 

cancer, the CRM is the most important predictor of local-regional recurrence.16 The 

assessment and recording of the CRM is a requirement in the CAP protocol for colorectal 

cancer.

Perineural Invasion (SSF 8)—Perineural invasion is defined in the CS manual as “the 

infiltration of nerves in the area of the lesion by tumor cells or spread of tumor along the 

nerve pathway.”15 Several studies have found an association between poor prognosis and 

perineural invasion17. Biopsy specimens in general include mostly or only mucosa in which 

nerves are normally absent. Therefore perineural invasion is a finding that can only be 

evaluated in resection specimens and it is a required item in the CAP protocol for colorectal 

cancer. A positive finding is expected to be recorded in the pathology report; negative 

results are assumed if perineural invasion is not mentioned.

KRAS (SSF 9)—The presence of mutations in patients with advanced colorectal cancer 

makes them less likely to respond to the anti-epidermal growth factor receptor (anti-EGFR) 

drugs such as cetuximab or panitumumab. In 2008, the National Comprehensive Cancer 

Network (NCCN) updated its guidelines to include the recommendation that stage IV 

(metastatic) colorectal cancer patients be tested for KRAS gene mutation prior to 

treatment.18 Only patients with tumors characterized by the wild-type KRAS gene should be 

treated with EGFR inhibitors because of the toxicity and cost. The information on KRAS 

type is to be recorded for newly diagnosed cases and not for recurrent colorectal cases. 

KRAS results are part of the CAP protocol but reporting is optional; partly because this 

result is not always available when the pathology report is issued.

RESULTS

Trends in AJCC 6th Edition Stage Distributions for Colon and Rectal Cancers, 2004-2010

Using data from 18 SEER population-based registries, a total of 191 361 cases of colon 

cancer and 73 341 cases of rectal cancer were diagnosed during 2004-2010 and used in 

evaluating the time trends. Figure 1a displays annual colon cancer incidence rates per 100 

000 persons by AJCC 6th edition stage over the 7-year period. Overall, the age-adjusted 

incidence rate for colon cancer declined approximately 21% between 2004 (36.8 per 100 

000) and 2010 (29.1 per 100 000), with the largest annual decreases occurring in 2009 (5%) 

and 2010 (7%). The age-adjusted rate for stage 0 showed the greatest decline during the 
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study period, at 35%. In addition, stages I, II, III, and IV declined 17%, 22%, 17%, and 

14%, respectively between 2004 and 2010.

The age-adjusted overall rectal cancer incidence rate declined 16% between 2004 (13.5 per 

100 000) and 2010 (11.3 per 100 000), with the largest annual decline of 5% between 2009 

and 2010 (Fig. 1b). Similar to colon cancer, stage 0 showed the greatest decline of 33% 

between 2004 and 2010. Also during this time period, stage I cases declined 21%, stage II 

cases declined 12%, stage III cases declined 7%, and stage IV cases declined 5%.

The proportions of cases by stage for colon and rectal cancer cases were relatively stable in 

2004 and 2010, as illustrated in Figure 2, except that the decreasing proportion of stage 0 

rectal cancer cases was offset by the increasing percentages of stage II, III, and IV 

diagnoses.

Comparison of AJCC Staging in the 6th and 7th Editions

A summarized comparison of staging in the AJCC 6th and 7th editions for 25 577 colon and 

10 150 rectal cancer cases diagnosed in 2010 is presented in Table 4. In this comparison, the 

exact same cases were staged using the two different standards. There were no differences 

between the 2 staging classifications in relation to stage 0 colon or rectal cancers. The AJCC 

7th edition guidelines yielded 22 additional stage I colon cancer cases, 62 fewer stage II 

cases, and 179 additional stage III cases, as a result of the creation of N1c and the change 

from MX (unknown metastasis) to M0 (no metastasis) in the 7th edition. Likewise, the 7th 

edition guidelines yielded 6 additional stage I rectal cancer cases, 36 fewer stage II cases, 

and 72 additional stage III cases. Many cases formerly classified as “unknown” were 

reclassified into specific stage categories under the 7th edition's guidelines. Although cases 

were shifted among substages within stages II, III, and IV as the result of changes 

introduced in the AJCC 7th edition, there was little movement of cases between overall 

stages. The only notable exception was that 112 colon cancer cases and 65 rectal cancer 

cases that would have been considered stage I/II under the AJCC 6th edition became stage 

III under the 7th edition due to the new N1c category, which represents tumor deposit(s) 

without a positive regional lymph node metastasis (Table 5). These cases represented 2.5% 

of stage IIIA/B colon and 3.3% of stage IIIA/B rectal cancer cases in 2010.

A more detailed illustration of the migration between substages is presented in Table 5. 

Briefly, there was a shift from the “unknown” stage under the AJCC 6th edition to specific 

stages in the 7th edition. For colon cancer, approximately 13% of “unknown” stage cases 

were reassigned to a specific stage. The subdivision of T4 tumors into T4a and T4b and the 

creation of stage IIC caused roughly half of the cases that would have been staged as IIB 

according to the AJCC 6th edition to move to IIC according to the 7th edition. The changes 

in the definition of IIIC and changes related to the subdivision of N1 and N2 into N1a and 

N1b and N2a and N2b caused a substantial portion of cases to shift from stage IIIC to stage 

IIIB. The division of M1 resulted in 52% of cases being classified as stage IVA, 44% as 

stage IVB, and 4% as stage IV Not Otherwise Specified (NOS).

Similarly, approximately 9% of “unknown” stage cases of rectal cancer were assigned a 

specific stage. The subdivision of T4 tumors into T4a and T4b and the creation of stage IIC 
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caused approximately three-fourths of the cases that would have been staged as IIB 

according to the AJCC 6th edition to be staged as IIC under the 7th edition. The changes in 

the definition of IIIC and changes related to the subdivision of N1 and N2 into N1a, N1b, 

N2a, and N2b caused a substantial number of cases to shift from stage IIIC to stage IIIB. 

The division of M1 resulted in more than half (55%) of rectal cases becoming classified as 

stage IVA, 37% as stage IVB, and 8% as stage IV NOS. There was, however, no clear up- or 

down-stage shift for either cancer site.

Site-Specific Factors (SSFs)

CEA Interpretation (SSF1) and CEA Laboratory Value (SSF3)—Of the 24 437 

invasive colon cancer patients diagnosed in 2010 and included in the analyses of SSFs 

(Table 3a), only 54.5% had a known CEA interpretation. Among those with known values, 

47.3% were interpreted as elevated CEA, 52.2% as within normal range, and 0.6% as 

borderline or undetermined. Of the 9678 invasive rectal cancer patients, 53.9% had a known 

CEA interpretation (Table 3b); of these, 48.8% were interpreted as elevated CEA, 50.5% as 

within normal range, and 0.8% as borderline. No preponderance of elevated CEA values 

was noted in any subsite of the large intestine.

There was a slight but steadily increasing trend of known CEA interpretation recorded over 

the 7-year period: from 48.6% in 2004 to 54.5% in 2010 for colon cancer patients, and from 

49.2% in 2004 to 53.9% in 2010 for rectal cancer patients. Among cases with CEA 

interpretation, however, the proportion of cases interpreted as elevated remained quite 

constant over time at about 46-47% for colon cancer and 48% for rectal cancer (data not 

shown).

Because different CEA reference ranges are used depending on smoking status and the fact 

that registries do not have smoking information on all cases, we were not able to examine 

the consistency between CEA laboratory value and CEA interpretation.

Clinical Assessment of Regional Lymph Nodes (SSF2)—Information on the 

clinical assessment of lymph nodes (SSF2) was available for 61% of the colon cancer cases 

and 72.9% of the rectal cancer cases. When lymph nodes were positive clinically, only 

22.6% of colon cancer patients had information on the number of nodes positive which is 

needed to calculate N; the corresponding figure for rectal cancer patients was much higher, 

at 58.2%.

Number of Tumor Deposits (SSF4)—Tumor deposits were evaluated and number of 

deposits recorded in 83.7% of the colon cancer patients (N = 19 700) and 82.8% of the rectal 

cancer patients (N = 6134) who underwent surgical resection. The majority had no tumor 

deposits; approximately 10% of patients (9.5% of colon and 10.2% of rectal) were identified 

with tumor deposits in the perirectal or pericolic fat. Of the colon cancer patients with tumor 

deposits, about 64% had an unknown number, 18% had only 1, and about 5% had more than 

5 tumor deposits. Similarly, for rectal cancer patients with tumor deposits, approximately 

53% had an unknown number, about 24% had only 1, and about 5% had more than 5 tumor 

deposits.
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Thirty percent and 41.1%, respectively, of the colon or rectal cancer patients who had tumor 

deposits did not have positive lymph node involvement; nearly 75% of these patients had 

only 1 or 2 tumor deposits (data not shown).

CRM (SSF6)—Among patients who had surgical resection, CRM was evaluated in 73.6% 

of the colon cancer cases and in 73.8% of the rectal cancer cases. More than half of these 

cases (62.5% and 59.7%, respectively, for colon and rectum) had a clear margin (code = 

991) or no residual tumor identified on the specimens (code = 990); less than 40% had a 

CRM measurement recorded (Table 6). Interestingly, 9.9% of colon and 11.7% of rectal 

cases had margins less than 1 mm.

Perineural Invasion (SSF8)—Of all colon cancer patients who had surgical resection, 

84.7% were evaluated for perineural invasion (a CAP Level II recommendation) and only 

one-tenth (10.2%) of those evaluated had neural invasion. Similarly, 82.2% of resected 

rectal cancer cases were assessed, and perineural invasion was present in only 10.8% of 

those evaluated.

KRAS Testing (SSF9)—Of cases diagnosed in 2010, information on the KRAS gene was 

found in only 8.2% of the colon cancer cases and in 7.4% of rectal cancer cases. When 

restricted to patients with stage IV disease (those with distant metastases) for whom KRAS 

gene testing is recommended by NCCN guidelines, KRAS gene status was available for 

21.3% of both colon and rectal cancer patients. Among stage IV patients whose KRAS 

testing results were available, 43.1% of those with colon tumors and 39.2% of those with 

rectal tumors had a mutated KRAS gene.

DISCUSSION

The purpose of the CS Data Collection System is to stage cancer patients accurately using 

the current AJCC anatomic pathology nomenclature and to collect SSFs that will improve 

prognostic accuracy or inform treatment decisions for patients. CS represents a compromise 

among a number of stakeholders whose intent is to provide clinically useful information for 

physicians, epidemiologists, outcome researchers, and even patients. It is a compromise 

because not all clinically significant factors can be included in the registry workflow, which 

involves both considerable effort and cost. The intent of the CS system is to include 

prognostically informative molecular markers of sufficient quality as they become available 

in the future. This analysis of SEER data enables us to examine the impact of CSv2 on the 

CS-derived AJCC stage distribution as well as evaluate the availability and quality of the 

clinically significant SSFs.

The colorectal cancer incidence rates by stage show relatively steady trends over the 7 year 

period. The age-adjusted incidence rates for colon and rectal cancer declined from 2004 to 

2010, largely attributable to decreasing in situ cancers. One likely factor contributing to this 

decrease is the detection and removal of precancerous polyps via colonoscopy, with fewer 

lesions typically found on subsequent colonoscopies. Another possible explanation could be 

the transition of terminology used by pathologists to describe lesions that are confined to the 

epithelium or invade the lamina propria alone. The World Health Organization 
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Classification of Tumors19 suggests that “high-grade intraepithelial neoplasia” is a more 

appropriate term for such lesions than “adenocarcinoma in-situ” and helps to avoid 

overtreatment. Although adenocarcinoma in situ is reportable, high-grade dysplasia is not. 

This change in terminology may contribute to the decline in stage 0. Unfortunately, declines 

in advanced stage cancers have been modest. If inconspicuous and aggressive flat lesions are 

missed during colonoscopy and present as advanced stage cancer years later, they could 

contribute to a lag in the decreasing incidence of later stage cancers.20-22 An alternative 

explanation may be that there has been insufficient time elapsed for colonoscopy to affect 

incidence rates for advanced stage cancers because colonoscopy only became a standard 

modality within the past decade. If so, a decrease in early stage colon cancer due to 

preventive polypectomy23,24 should eventually decrease the rate of late stage colorectal 

cancer as well.

The collection of SSF2, clinical assessment of lymph nodes, was intended as part of the 

work-up to choose a treatment plan. It has been problematic, however, because the biopsy of 

regional or sentinel nodes performed as part of the work-up was not included in the latest CS 

instruction. This SSF will be revised in the near future.

During development of the AJCC TNM 7th edition, there was significant interest in the 

inclusion of tumor deposits because the presence of tumor deposits may be as significant a 

negative prognostic factor as is metastases in regional lymph nodes.25 A Netherland study 

suggested that lymph node negative colorectal cancers with isolated tumor deposits should 

be classified and treated as Stage III.26

The presence of tumor deposits, however, is not commonly documented in North American 

pathology reports. A concerted effort was generated by the AJCC and CAP to educate 

pathologists about the importance of reporting these deposits, and fields for collection were 

included both on the TNM staging sheet and in the CAP protocol for colorectal cancer 

surgical specimen reporting. This effort has been successful, with pathology reports for most 

cases annotating the presence or absence of tumor deposits in both colon and rectal 

carcinoma (Tables 3a and 3b). Survival of these patients can be followed prospectively to 

assess how these tumor deposits affect clinical outcome. The N1c category was created 

because oncologists were in a quandary about how to treat patients who had tumor deposits 

but lacked positive nodal metastases, with the literature leaning toward use of adjuvant 

therapy. Although the evidence supporting such a recommendation is limited and a small 

study raised the appropriateness of N1c among rectal cancer patients after pre-operative 

chemoradiation ,27 cancer registries will continue to collect tumor deposit information for 

assessing its prognostic significance and confirming the utility of treatment in a larger 

population. About 3% of colon and 4% of rectal stage III carcinomas had 1 or more tumor 

deposits without regional nodal metastasis.

Our study also found widespread adoption by pathologists of the practice of assessing and 

recording other significant prognostic factors such as CRM (SSF6) and perineural invasion 

(SSF8) which are part of the CAP protocols. While the 26% of colorectal cancer cases 

without documented CRM is lower than the finding of a Norwegian study (about 37% of 

rectal cancer patient who underwent total mesorectal excision did not have CRM 
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measured),28 the documentation of CRM should be improved since CRM remains an 

important factor in rectal cancer for prediction of prognosis and clinical management. As the 

SEER registries follow these patients with various prognoses, their clinical outcomes can be 

used to guide adjuvant therapy options.

The data presented for SSF1 and SSF3 demonstrate that roughly one-half of the newly 

diagnosed patients had CEA test results. Because smoking and other factors that can cause 

an elevation in CEA are not collected by registries, justifying the effort needed to record 

both CEA laboratory values and their interpretation still is controversial. Given CEA is part 

of the American Society of Clinical Oncology (ASCO) guidelines12 and a CAP Level I 

recommendation as well as indices used for prognostication in patients with liver 

metastases,14 the collection of CEA values and their interpretation are important. Data 

sources and method of collection should be revised to ensure that CEA test results are 

captured as part of the pre-therapy assessment.

Despite NCCN's recommendation that all patients with metastatic colorectal cancer be tested 

for KRAS gene mutations18 and ASCO's recommendation that all patients who are 

candidates for anti-EGFR therapy be tested for such mutations,29 our analysis showed that 

only 21.3% of stage IV colorectal cancer patients had documented KRAS gene testing 

results. This low rate contrasts with findings of three cross-sectional surveys of physicians 

conducted in 14 countries in Europe, Latin America and Asia which reported an uptake of 

KRAS testing from 3% in 2008 to 47% in 2009 and to 61% in 2010 for metastatic colorectal 

cancer patients.30 A primary reason for the difference in KRAS testing rates is that the 

physician surveys included patients with initially diagnosed Stage IV disease and patients 

with recurrences where our study included only the former. Additionally, given that KRAS 

mutation analysis is a referral test in most institutions and that this test is often ordered 

directly by the oncologists, the results of this analysis may be available at the physician's 

office but may not be recorded in the hospital chart, which is the primary source of 

information for registry data. Other explanations include cost and insurance coverage for the 

test,31 as well as the lack of a clear protocol in place at a specific health care facility for the 

initiation and ordering of KRAS testing.

Recently released CAP checklist for biomarker testing suggested that more than exon 2 of 

KRAS be collected and patients with wild-type KRAS may benefit from testing the BRAF 

mutation, another prognostic marker. Hence, established clinical applications aside, it is 

important to continue collecting the KRAS status on as many patients as possible so that this 

subgroup can be better studied for clinical outcome.

This report has numerous strengths. First, the data source is a high-quality cancer 

surveillance program that covers about 28% of the US population. Second, the data suggest 

the feasibility of collecting more refined staging that allows better categorization of 

subgroups of patients with different clinical outcomes, such as patients with tumor deposits 

but no lymph node involvement. Third, most of the data on SSFs for colorectal cancer are 

quite complete and of good quality, especially when the source of information is from 

pathology reports or CAP protocols. Fourth, the CSv2 collects numerous clinically 

Chen et al. Page 11

Cancer. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



significant factors and prognostic factors that provide an opportunity to evaluate therapy 

options and assess survival outcomes.

This study also has limitations. First, the 2010 data represent the first year when CSv2 was 

introduced and collected by SEER registries; extensive editing and quality control have not 

been implemented. Second, considerable information is missing on some SSFs such as 

KRAS testing, and better venues for capturing such information need to be explored. 

Finally, although the SEER Program covers over one-fourth of the US population, its patient 

cohort may not be nationally representative.

In summary, these data from an initial examination of colorectal carcinoma staged under the 

7th edition of AJCC and its SSFs suggest that the overall stages are similar to those defined 

by the 6th edition. Trends suggest a decrease in stage 0 lesions that may reflect the impact of 

colonoscopy and that the relative prevalence of stages I-IV is similar to past reports. The 

addition of subcategories for T4, N1, and N2 did not shift cases between stage groups but 

shifted them within stage group subcategories, so that clinical outcome data may be slightly 

more precise. Finally, several important findings are noted from this first analysis of 

population-based data on the new SSFs for colorectal carcinoma: tumor deposits are present 

in approximately 10% of colon or rectal carcinoma; 10-12% of colorectal cancer patients 

had CRM less than 1 mm; about 46% of colorectal cases did not have a CEA testing or 

documented CEA information; and 10% of colorectal cancer patients had perineural 

invasion. As SEER registries follow these cohorts over the next few years, we hope to 

determine the impact of these clinically significant factors on relative survival. The 

collection of these SSFs, however, should take into consideration the current registry 

workload, cost, and resources.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Precis

This chapter highlights the changes in CS for colon and rectal carcinoma as TNM moved 

from the AJCC 6th to the 7th edition. Significant findings include the presence of tumor 

deposits that resulted in upstaging 2.5% of colon and 3.3% or rectal cases from stages I/ 

II to stage III and that ~15% of resections had circumferential radial margins that were 

closer than accepted standard of practice.

Chen et al. Page 15

Cancer. Author manuscript; available in PMC 2015 December 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Figure 1a. 
Colon cancer: Age-adjusted incidence rates by stage (Collaborative Stage derived AJCC 6th 

edition) and year of diagnosis, SEER 18 areas, 2004-2010. Note: Rates are per 100,000 and 

are age-adjusted to the 2000 US standard population (19 age groups). Data source for all 

figures: National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) 

Program: SEER 18 geographic areas: States of Connecticut, New Mexico, Utah, California 

(4 areas: San-Francisco, San Jose-Monterey, Los Angeles, Greater California), Hawaii, 

Iowa, New Jersey, Louisiana, Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and 

remainder of the state), Alaska Native Registry, and metropolitan areas of Detroit, Michigan 

and Seattle (Western Washington), Washington.
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Figure 1b. 
Rectal cancer: Age-adjusted incidence rates by stage (Collaborative Stage derived AJCC 6th 

edition) and year of diagnosis, SEER 18 areas, 2004-2010. Note: Rates are per 100,000 and 

are age-adjusted to the 2000 US standard population (19 age groups). Data source for all 

figures: National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) 

Program: SEER 18 geographic areas: States of Connecticut, New Mexico, Utah, California 

(4 areas: San-Francisco, San Jose-Monterey, Los Angeles, Greater California), Hawaii, 

Iowa, New Jersey, Louisiana, Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and 

remainder of the state), Alaska Native Registry, and metropolitan areas of Detroit, Michigan 

and Seattle (Western Washington), Washington.
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Figure 2. 
Colon and rectal cancer: Collaborative Stage derived AJCC 6th edition stage distributions 

for 2004 and 2010, SEER 18 areas. Data source for all figures: National Cancer Institute's 

Surveillance, Epidemiology, and End Results (SEER) Program: SEER 18 geographic areas: 

States of Connecticut, New Mexico, Utah, California (4 areas: San-Francisco, San Jose-

Monterey, Los Angeles, Greater California), Hawaii, Iowa, New Jersey, Louisiana, 

Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and remainder of the state), Alaska 

Native Registry, and metropolitan areas of Detroit, Michigan and Seattle (Western 

Washington), Washington.
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TABLE 1

Colon and Rectal Cancers: Exclusion Criteria for Analysis Cohort, SEER 18, 2004-2010

Exclusion Criteria Stage Trends AJCC 6th & 7th 
Comparison

Site-Specific Factors (SSFs)

Objective 1 Objective 2 Objective 3

In situ cases no no yes

Autopsy or death certificate cases yes yes yes

Histologies for which AJCC 6th or 7th stage is not defined
* yes yes yes

Code 988 (not applicable), blank for each SSF no no yes

Year of diagnosis 2004-2010 2010 2010

Final sample size: Colon 191 361 25 577 24 437

Final sample size: Rectum 73 341 10 150 9678

Source: National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program: SEER 18 geographic areas: States of 
Connecticut, New Mexico, Utah, California (4 areas: San-Francisco, San Jose-Monterey, Los Angeles, Greater California), Hawaii, Iowa, New 
Jersey, Louisiana, Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and remainder of the state), Alaska Native Registry, and metropolitan areas 
of Detroit, Michigan and Seattle (Western Washington), Washington.

*
American Joint Committee on Cancer (AJCC) 6th or 7th editions derived stage = NA identifies histologies for which stage is undefined for both 

colon and rectum.
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TABLE 2

Colon and Rectal Cancers: Comparison of Anatomic Stage and Prognostic Groups Based on AJCC 6th and 7th 

Editions

AJCC 6th Edition AJCC 7th Edition

Stage T N M Stage T N M

0 Tis N0 M0 0 Tis N0 M0

I T1 N0 M0 I T1 N0 M0

T2 N0 M0 T2 N0 M0

IIA T3 N0 M0 IIA T3 N0 M0

IIB T4 N0 M0 IIB T4a N0 M0

IIC T4b N0 M0

IIIA T1–T2 N1 M0 IIIA T1–T2 N1/N1c M0

T1 N2a M0

IIIB T3–T4 N1 M0 IIIB T3–T4a N1/N1c M0

T2–T3 N2a M0

T1–T2 N2b M0

IIIC Any T N2 M0 IIIC T4a N2a M0

T3–T4a N2b M0

T4b N1-N2 M0

IV Any T Any N M1 IVA Any T Any N M1a

IVB Any T Any N M1b

Note: “MX” cases in the AJCC 6th edition are considered “M0” in AJCC 7th edition and staged accordingly.

AJCC: American Joint Committee on Cancer

Source: AJCC 6th: Greene FL, Page DL, Fleming ID, et al. AJCC Cancer Staging Manual. 6th Ed. Chicago: Springer-Verlag; 2002; AJCC 7th: 
Edge SB, Byrd DR, Compton CC, et al. AJCC Cancer Staging Manual. 7th Ed. Chicago: Springer-Verlag; 2010.
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TABLE 4

Colon and Rectal Cancers: Stage and Subgroup Comparisons between the AJCC 6th and 7th Editions, SEER 

18, 2010

AJCC 6th Edition AJCC 7th Edition Difference (7th Ed. Total – 6th Ed 
Total)

Stage Stage Group Total Substage Counts Stage Group Total Substage Counts

COLON CANCER (N = 25 577)

0 1949 1949 0

I 5450 5472 +22

II 6202 6140 –62

    IINOS 5

    IIA 5254 5191

    IIB 948 500

    IIC -- 444

III 5780 5959 +179

    IIINOS 20 3

    IIIA 662 702

    IIIB 3118 3868

    IIIC 1980 1386

IV 4901 4901 0

    IVNOS -- 187

    IVA -- 2545

    IVB -- 2169

Unknown 1295 1156 –139

RECTAL CANCER (N = 10 150)

0 860 860 0

I 2453 2459 +6

II 2076 2040 –36

    IINOS -- 18

    IIA 1784 1749

    IIB 292 68

    IIC -- 205

III 2351 2423 +72

    IIINOS 17 52

    IIIA 352 386

    IIIB 1264 1574

    IIIC 718 411

IV 1702 1702 0

    IVNOS -- 138

    IVA -- 929

    IVB -- 635

Unknown 708 666 –42
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Source: National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program: SEER 18 geographic areas: States of 
Connecticut, New Mexico, Utah, California (4 areas: San-Francisco, San Jose-Monterey, Los Angeles, Greater California), Hawaii, Iowa, New 
Jersey, Louisiana, Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and remainder of the state), Alaska Native Registry, and metropolitan areas 
of Detroit, Michigan and Seattle (Western Washington), Washington.

NOS: Not Otherwise Specified; AJCC: American Joint Committee on Cancer
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TABLE 6

Colon and Rectal Cancers: Frequency Distribution of Circumferential Resection Margins (CRMs) in Patients 

Who Underwent Surgical Resection+, SEER-18, 2010

Codes Description Colon Rectal

N % N %

Total 19 700 100.0 6134 100.0

000-009 Margin is involved with tumor; CRM positive, less than 1 mm 1953 9.9 716 11.7

010-019; 992 Between 1 mm to <2 mm 483 2.5 244 4.0

020-029; 993 Between 2 mm to <3 mm 312 1.6 137 2.2

030-039,994 Between 3 mm to <4 mm 311 1.6 105 1.7

040-049,995 Between 4 mm to <5 mm 243 1.2 57 0.9

050-981,996 ≥5 mm 2138 10.9 563 9.2

990,991 No residual tumor identified on specimen; Margins clear; CRM negative, NOS 9059 46.0 2703 44.1

998-999 Unknown or no information, CRM not mentioned 5201 26.4 1609 26.2

Source: National Cancer Institute's Surveillance, Epidemiology, and End Results (SEER) Program: SEER 18 geographic areas: States of 
Connecticut, New Mexico, Utah, California (4 areas: San-Francisco, San Jose-Monterey, Los Angeles, Greater California), Hawaii, Iowa, New 
Jersey, Louisiana, Kentucky, Georgia (3 areas: Atlanta, Rural Georgia, and remainder of the state), Alaska Native Registry, and metropolitan areas 
of Detroit, Michigan and Seattle (Western Washington), Washington.

+Patients underwent surgical resection, surgery codes=30-80 (Reference: Adamo MB, Johnson CH, Ruhl JL, Dickie, LA, (eds.). 2011SEER 
Program Coding and Staging Manual. National Cancer Institute, NIH Publication number 11-5581, Bethesda, MD)

NOS=Not otherwise specified
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